OBJECTIVE: To study the body composition of Bahraini school children. DESIGN: Cross-sectional national school survey. SUBJECTS: School children aged 6 ± 18 y. The sample comprised 818 boys and 775 girls. MEASUREMENTS: Weight, height, arm circumference and skinfold thicknesses were measured. Sum of skinfold thickness, body mass index (BMI), mid arm circumference, percentage body fat, fat weight and lean body weight were then calculated to determine body composition. RESULTS: A signi®cant difference in the sum of skinfold thickness was observed between boys and girls. The girls have almost 50% extra skinfold thickness than boys at all ages. Similar trends were found in BMI, except at ages 9 and 18 y. The percentage of body fat was higher in girls than boys. The mean BMI for Bahraini girls aged 13 y and above exceeds that of their American counterparts, indicating a trend towards fat accumulation in the Bahraini girls. CONCLUSION: The data obtained are useful for monitoring obesity in school children in Bahrain as well as being usable as reference data for similar countries in the region. The high proportion of body fat among Bahraini school children, especially girls, urges an intervention program to prevent and control obesity in this age group.
Introduction
Obesity is one of the main public health problems among both adults and children in the Arab Gulf countries, including Bahrain. 1 In adults, obesity increases the risk of coronary heart disease, type 2 diabetes, gall bladder disease, hypertension and some forms of cancer. 2 Although the association of childhood obesity with adult obesity has been inadequately investigated, increased body fat among children may be a contributing factor for obesity in adulthood. 3 Studies on body composition in children and adolescents in the Arab Gulf countries are few and limited in their indices. Weight, height, mid-arm circumference and skinfold thickness are usually used to determine body composition of school children in these countries. 4 ± 6 Findings indicate an increase in body fat with age, especially in girls. However, none of these studies have used body fat equations to determine the fat content in school children. The aim of this paper, therefore, is to determine the body composition of Bahraini children aged 6 ± 18 y, using different equations.
Subjects and methods
Data were taken from the National Growth Survey for school children in Bahrain which was carried out in 1986. 5 This survey is the only representative national survey that has examined the anthropometric measurements of school children in Bahrain.
Information on means and standard deviations for each anthropometric measurement (weight, height, arm circumference, and triceps, biceps, subscapular and suprailliac skinfolds) has been presented elsewhere. 5 Data on percentiles for each anthropmetric measurement by age groups have also been reported elsewhere. 7 The current paper provides additional data on body fat content in school children aged 6 ± 18 y, using various equations.
Sampling technique
The sampling procedure and anthropometrics used have been reported in detail elsewhere. 5 In summary, a cross-sectional survey was conducted, using a multistage strati®ed random sampling technique. The sample comprised 1593 Bahraini children (818 boys and 775 girls), ranging in age from 6 to 18 y. Age was validated from school records, which in turn were based on the birth certi®cates of the children.
The sampling procedure was performed according to the proportional distribution of children by age and sex in each geographical area. The schools were divided into three educational levels (primary, intermediate and secondary), and the sample was adjusted proportional to these levels from each area. The schools were numbered and chosen using random tables. The children were selected from each school from school records by a systematic random sampling technique. Only Bahraini children were included in the survey.
It is worth mentioning that the sample for those aged 16 ± 18 y may not represent the total population of this age group, as a relatively good proportion of adolescents aged 16 ± 18 y do not attend high school or drop-out of school.
Anthropometric measurements
Weight was measured to the nearest 0.1 kg using a Deteco scale with a 140 kg capacity (Deteco Scales Inc., Brooklyn, NY). The weights were taken without shoes and with as few clothes as possible. To minimize errors in measurements, weighing scales were checked before each session that the unloaded scale registered zero. The weighing scale was also frequently checked using an object of known weight.
Height was measured using a stadiometer attached to the weighing scale, to the nearest 0.5 cm. The child stood straight, barefooted, with heels, buttocks and back touching the stadiometer. Then the horizontal indicator of the stadiometer was lowered until it was ®rmly touching the crown of the head.
Upper mid-arm circumference was measured to the nearest 0.1 cm on the left arm, 8 using spring tension steel tapes (Gulick measuring tape, Country Technology, Inc., North Riverside, IL). Skinfold thicknesses (triceps, biceps, subscapular and suprailliac) were measured in triplicate to the nearest 0.1 mm on the left side. The mean of the three measurements was used in data analysis. Harpenden skinfold calipers were used for skinfold measurements according to the method described by Gibson. 
Body fat composition
The sum of skinfolds (SSK) was determined by summing the values of triceps, biceps, subscapular and suprailliac skinfolds. Body mass index (BMI) was calculated by dividing weight in kilograms by the square of height in metres. Mid-upper-arm muscle circumference was determined using the following equation: mid-upper-arm muscle circumference (MAMC) mid-upper-arm circumference (cm) 7 (3.14Âtriceps skinfold thickness), as reported by Gibson. 9 Body fat content was calculated from skinfold measurements using the following equations: percentage body fat 0.55 (triceps (mm)) 0.31 (subscapular (mm)) 6.13, as reported by McArdle et al; 10 total body fat (kg) (percentage body fata100)Âbody weight; and lean body weight (kg) body weight (kg) 7 body fat (kg), as reported by Gibson. 9 Data were stored in a Dbase ®le and analyzed using the SPSS ± PC statistical package. Means and standard deviations for each parameter were presented by age and sex of the children.
Results
Means and standard deviations for SSK, BMI, MAMC, percentage body fat, total fat weight and fat-free mass for Bahraini school boys and girls are presented in Tables 1 and 2 , respectively. A large variation in SSK by age and sex is apparent. Girls have almost 50% extra skinfold thickness than boys at all ages. Skinfold thickness increases with age, but rises sharply at age 14 y in girls (an increase of 8.7 mm) and at age 15 y in boys (an increase of 3.1 mm). This may be due to the onset of puberty, as most girls in Bahrain begin their menarche at age 13 y, while boys begin puberty at age 14.6 y.
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BMI varies signi®cantly by age and sex; the trend of increasing of BMI by age is similar, except that the Body composition of Bahraini children AO Musaiger and WB Gregory sex difference is evident earlier. Girls have higher mean BMI at all ages except at ages 9 and 18 y, where the BMI is comparable in both sexes. As expected, boys have a higher value of MAMC than girls, except for ages 6 and 13 y, where there was no difference between boys and girls. The difference increases markedly after age 14 y, which marks puberty in boys.
Body fat, whether measured by percentage body fat or fat weight is higher in girls than in boys at all ages. Fat-free mass is comparable between boys and girls during the period of 6 ± 9 y, then the girls show higher values of fat-free mass during the ages of 10 ± 14 y. At age 15 onwards, the fat-free mass values are signi®-cantly higher in boys than in girls, which again re¯ects the growth spurt and puberty in both sexes.
Discussion
Anthropometric measurements provide general information on the amount and localization of muscle and adipose tissue. 9 Published anthropometric norms for school children in the Arab Gulf countries do not include information on body fat composition. Our data, therefore, present a representative report of body fat composition of school children aged 6 ± 18 y in Bahrain. These data can be useful for further research and investigation into obesity and body composition in children in the region.
Interestingly, in both sexes the SSK decreased dramatically at age 16 y and then increased afterwards. This may be due to a more biased sample of subjects in this age group. This is also in agreement with the results of anthropometric data for the same school children. Musaiger et al 5 found that the means for weight and triceps, biceps, subscapular and suprailliac skinfolds for these girls dropped at age 16 y, and then increased afterwards. However, for the boys, only the skinfold thickness measurements decreased at this age.
There is no reliable data on the proportion of adolescents aged 16 ± 18 y who attend high school in Bahrain. However, indicators from national statistics 12 showed that a relatively high proportion of adolescents in this age group do not attend school compared with younger age groups. Additionally, based on the Ministry of Education statistics, about 5% and 4% of adolescent boys and girls, respectively, in the same age group drop out of schools annually, either to get a job or to get married (mostly the girls) or to stay at home to help parents (personal communication). If we add this proportion to the proportion of adolescents who did not attend high school, this leads to a relatively high percentage of adolescents not included in the sample. This may explain the decrease in body fatness in this age group, as the sample taken from schools may not represent the whole adolescent Bahraini population. This phenomenon (decrease in anthropometric measurements at 16 ± 18 y) has also been observed in other Arab Gulf countries, such as Oman 13 and Saudi Arabia.
14 A combination of skinfold measurements provides information on the distribution of subcutaneous fat. Variation in the distribution may be associated with genetic differences among children. For individuals undergoing rapid and pronounced weight gain, such as adolescents (11 ± 18 y), multiple skinfolds, rather than a single skinfold measurement are particularly advisable for estimating body fat. 9 Boys aged 6 ± 18 y have similar values of BMI to their counterparts in the USA. 15 However, the mean BMI for Bahraini girls aged 13 y and above exceeds that of American girls at the same age. In Bahrain, Musaiger et al 11 found that the median BMI for secondary school girls aged 15 ± 20 y was higher than the median BMI for their American counterparts. This may indicate a trend to overweight in Bahraini school children, especially among girls. The ®ndings that girls have higher BMI values than boys are in good agreement with those reported in the United Arab Emirates for the same age group. 16 Girls begin to show signi®cantly higher percentage body fat and fat weight than boys at age 6 y, and this difference continues for every age group up to 18 y of age. In general, body fat composition of children in this study indicates substantial subcutaneous fat deposition. Considering the small MAMC seen at all ages and for both sexes, the muscles of these children appear to be under-developed when compared with data from American counterparts. 17 This ®nding was also reported among Bahraini girls aged 7 ± 18 y. 18 The lack of physical exercise and high fat intake may be the main factors responsible for accumulation of fat among school children in this country. Zaghloul et al 19 demonstrated that the energy, fat and carbohydrate intake of obese adolescent Bahraini girls was signi®cantly higher than that of the non-obese. In addition 65% of obese girls were categorized as least active compared with 29% of non-obese. Socioeconomic factors may also be associated with obesity in school children in this region. In the United Arab Emirates, Moussa et al 16 found that a family history of obesity, diet, physical activity and mother's education were signi®cant factors for development of obesity among school children aged 6 ± 18 y, after adjusting for other confounding covariates, using logistic regression analysis.
The fact that the present paper shows an accumulation of fat in Bahraini school children means that an intervention program must be considered to prevent and control overweight in this age group. This program should include dietary modi®cation, education through the mass media and encouraging habitual exercise. Equations for measurements of body fat composition provided in this study may be useful in the management and monitoring of overweight and obesity in Bahraini school children.
